INTRODUCTION

31
Controlling microstructures and second phase in steel plays an vital role in the quality of steel. Carbide 32 (M 3 C, M 3 C 2 , M 7 C 3 , M = Fe, Cr, Mn) [1, 2] and TiN inclusion [3, 4] are common second phase in high carbon 33 chromium steel. Due to the good wear resistance and solid solubility with alloy elements (Cr, Mn) [5, 6] , 34 carbide can keep good mechanical properties of bearing steel during heat treatment [7, 8] . In recent years, 35 utilization of inclusions has become attractive to improve steel performance. TiN is more harmful to bearing 36 steel than Al 2 O 3 in the same size [9] . Many studies have investigated TiN and Al 2 O 3 , MgAl 2 O 4 and MnS, and 37
NbC complex precipitation with inclusion [10] [11] [12] [13] . Our previous study [14] found that TiN inclusion were 38 covered by carbide in the etched GCr15 bearing steel metallographic specimens. Considering the 39 two-dimensional (2-D) of particles cannot reflect their real morphologies, it is necessary to observe their 40 three-dimensional (3-D) morphologies in steel. 41
The non-aqueous electrolysis extraction of second phase from steel is an effective method to study their 
EXPERIMENTAL
54
CHEMICAL COMPONENTS ANALYSIS
55
The chemical compositions of GCr15 bearing steel produced by the basic oxygen furnace (BOF)-landle 56 furnace (LF)-vacuum degas (VD)-continuous casting (CC) process in a foundry were determined by 57 direct-reading spectrometer (Model: ARL-3460 Optical Emission Spectrometer, Thermo Fisher Corporation). 58
The total oxygen and total nitrogen contents were analyzed using a nitrogen-oxygen analyzer (Model: TC-600,  59 LECO Corporation). The chemical compositions of the GCr15 bearing steel are shown in Table 1 
NON-AQUEOUS ELECTROLYSIS AND XRD DETECTION
64
The non-aqueous electrolysis method was used to extract TiN-MC x particles from the GCr15 bearing 65 steel. Samples with diameter of 10 mm and height of 100 mm were as anode and copper as cathode. The 66 electrolyte consists of 1% tetramethylammonium chloride, 5% triethanolamine, 5% glycerol, and 
THERMODYNAMIC ANALYSIS
123
The phase diagram of Fe-1.5%Cr-C system was calculated by using the FactSage Table 3 , and the disregistries diagram is shown in Figure 7 inclusion is easier to be engulfed than small size TiN. In the actual process, the local cooling rate is 0.5 to 10 220 K/s. The higher the local cooling rate is, the faster the solidification front moves, and the more easily the 221 inclusions are engulfed. 222 
